Enterobacteriaceae are usually susceptible to the polymyxin group of antibiotics, which includes colistin (5) . The exceptions are Proteus (4, 5, 18) , Providencia (4, 5, 18) , and Serratia (3, 5, 14, 16, 18) , which are generally resistant. Limited data are available on the susceptibility to antibiotics of the recently described Edwardsielkl tarda. Both strains studied by von Graevenitz and Nourbakhsh (18) , as well as four strains studied by Bhat et al. (2) and three strains studied by Jordan and Hadley (11) , appeared to be resistant to colistin. If it could be shown that resistance to colistin is a general property of Edwardsiella, and if the margin between inhibitory concentrations for Edwardsiella and for reputedly sensitive Enterobacteriaceae were large enough, then colistin resistance could be used as a differential marker in identification. Also, colistin could then be considered for use in selective and enrichment media to promote isolation of the now infrequently isolated Edwardsiella.
The purpose of this study was to measure colistin resistance in a large number of recent human isolates of E. tarda, and to compare antibiotic susceptibility pattems of E. tarda with those of Salmonella, a group which at times may be confused with Edwardsiella.
MATERIALS AND METHODS Bacterial strains. Thirty-seven recent human isolates of E. tarda have been studied: 32 were isolated by two of us (J.V. and J.D.) in 1972 during a post-cholera survey of the fecal flora in Mopti (Republic of Mali), and 5 were isolated from patients at the University Hospital of Kinshasa (Republic of ZaYre). All strains, except one, conformed with the identification criteria outlined by Edwards and Ewing (6) . The exception was a strain from Mali which fermented mannitol.
Of the 34 strains of Salmonella, 25 were isolated during the above-mentioned survey in Mali (4 strains of S. teshie, 3 of S. gnesta, 2 of S. tennessee and S. typhi, and 1 each of Salmonella spp. broughton, budapest, california, gaminara, give, havana, hull, irenea, kalina, maastricht, minnesota, muenster, paratyphi C, and poona). The remaining strains were Susceptibility to colistin was also tested with the standardized disk-diffusion method of Bauer et al.
(1), using a single disk impregnated with 10 gg of 522 MUYEMBE, VANDEPITTE, AND DESMYTER colistin (Difco). The inoculum was prepared in the same way as for agar dilution assays. All strains were also tested for sensitivity to various antibiotics, using the agar dilution method outlined above and single concentrations of the antibiotic (see Table 2 ).
RESULTS
Colistin sensitivity determined with the agar dilution method. The 37 strains of E. tarda were highly resistant to colistin; 82% had an MIC value of more than 100,ug/ml (Fig. 1 ).
Only one strain was susceptible to 12.5 ,ug/ml. In contrast, the 34 Salmonella strains were highly susceptible to colistin (Fig. 1) . One strain had an MIC of 12.5 Ag/ml. There was practically no overlapping of the MIC values for colistin between the two groups of bacteria.
Colistin sensitivity determined with the disk-diffusion method. The former results were confirmed by disk diffusion. In this case, no overlapping between both groups of bacteria was found (Table 1) . Edwardsiella strains had inhibition zone diameters under 11 mm, and the majority of strains grew to the edge of the disk.
All Salmonella strains had inhibition zones of 12 mm and greater ( Table 1) . The majority had inhibition zone diameters of 13 to 14 mm.
Susceptibility to various antibiotics. The sensitivity of E. tarda to various antibiotics employed in human medicine was investigated with an agar dilution method using single concentrations of the antibiotic and was compared with the sensitivity of Salmonella (Table  2 ). All strains of Edwardsiella were susceptible to the antimicrobial agents used to treat infections due to gram-negative rods, with colistin as the only notable exception. In common with certain other groups of Enterobacteriaceae, some of the Edwardsiella strains displayed in vitro sensitivity to penicillin G and to erythromycin. Remarkably, all strains of Edwardsiella were sensitive to streptomycin and to novobiocin, whereas all strains of Salmonella were resistant. Susceptibility to streptomycin is common among Enterobacteriaceae, and susceptibility to novobiocin is not unusual when tested under given conditions. Therefore, the sensitivity of Edwardsiella to both antibiotics does not separate E. tarda from other Enterobacteriaceae in general, but it clearly separated Edwardsiella from Salmonella under the prevailing conditions. Finally, with each of the methods used, patterns of antibiotic sensitivity which could be (7) to a collection of bacteria with the general characteristics of Enterobacteriaceae and related to the SalmonellaArizona-Citrobacter division. E. tarda probably is a normal intestinal inhabitant of reptiles (15) . It has also been isolated from wild and domestic warm-blooded animals. In man, E. tarda has been isolated sporadically in several countries, usually from feces and by methods designed to isolate Salmonella (13, 17) . To our knowledge, E. tarda has been isolated frequently from man in only two studies. One is a study of "jungle diarrhoea" in Malaysia (8) . The other is the survey in Mali, from which most of the strains used in the present study were derived (J. Vandepitte and J. Desmyter, manuscript in preparation).
Limited observations, from Zaire (13) and from India (2), tend to incriminate E. tarda as a rare causative agent of intestinal infection. In Malaysia, however, E. tarda is strongly associated with bloody diarrhea and with the presence of Entamoeba histolytica (8) . Cases of a similar association were also observed in our investigation in Mali. It is possible that the association of Edwardsiella with E. histolytica, as well as its limited geographical distribution (probably imposed by the availability of an animal reservoir), may have obscured the real clinical importance of these bacteria.
The apparent rarity of E. tarda might also be due to its confusion with Salmonella and related bacteria or to technical factors inherent to its isolation from stools. In both respects, the natural resistance of E. tarda to colistin might be used as a valuable aid.
Although E. tarda is readily distinguished from Salmonella by its lack of mannitol fermentation and by the production of indole, the addition of colistin sensitivity as a differential test has much to recommend it. There was virtually no overlapping between the MIC values for 37 strains of E. tarda compared with 34 strains of Salmonella. The average MIC of colistin was at least 60 times higher for Edwardsiella than for Salmonella (Fig. 1) ; in fact, this factor could be considerably greater than 60 since most of the Edwardsiella strains were resistant to all tested concentrations of colistin. The disk-diffusion method allowed a clear-cut differentiation between all strains of Edwardsiella and Salmonella (Table 1) .
Colistin resistance should also be particularly useful in the rapid characterization of aberrant biotypes such as indole-positive Salmonella and mannitol-positive Edwardsiella. One of our strains was a typical Edwardsiella according to the criteria of Edwards and Ewing (6) , except that it fermented mannitol. The strain was resistant to colistin, confirming its identity as an Edwardsiella species.
No common source could be traced for the 32 Edwardsiella strains isolated in Mali, nor for the 5 strains isolated in Zaire. Five strains isolated in the U.S. (11, 18) and 4 strains isolated in India (2) were reportedly resistant to colistin. This further indicates that colistin resistance is not restricted to certain epidemic strains or certain areas, but is a general property of Edwardsiella. To our knowledge, two strains of Edwardsiella have been reported to be susceptible to colistin, but criteria of sensitivity were not detailed (12, 17) . Colistin resistance of Edwardsiella strains of nonhuman origin has not been examined.
The only serious restriction to the nearly absolute taxonomic value of colistin resistance could be the emergence of colistin resistance in Salmonella due to prior exposure to an antimicrobial agent. This does not seem to occur often: none of several hundred multiply resistant Salmonella examined in our laboratories was resistant to colistin.
The present results suggest that a trial of colistin as an additive to enrichment and selective media for the isolation of Edwardsiella is warranted. Appropriate enrichment broths for the isolation of Edwardsiella from man remain to be evaluated. Iveson (9) reported favorable results with E. E. broth (Oxoid) and a strontium chloride broth for the isolation of Edwardsiella from reptiles. Selenite medium was not suitable. This is surprising, since part of the strains used in this study have been isolated after selenite F enrichment only and not on direct plating (J. Vandepitte and J. Desmyter, manuscript in preparation). Colistin could be used to suppress overgrowth by many other gram-negative bacteria. Novobiocin, a common additive to enrichment broth at a concentration of 40 ,ug/ml (10), should not be used for the isolation of E. tarda, since this species is uniformly susceptible to the antibiotic (Table 2) .
